Abstract. We report an instructive case of primary hyperparathyroidism in which cyclical secretion of PTH may have caused repeated hypercalcemic crises followed by temporary remission with a spontaneous drop in PTH. A 64-year-old man was admitted to our hospital twice with severe hypercalcemic crisis (corrected calcium (cCa) 15.0 mg/dl and 16.7 mg/dl) accompanied by an increase in intact PTH (220 pg/ml and 470 pg/ml). During both events, the serum PTH values spontaneously dropped followed by remission of the hypercalcemia. The tumor, detected at the left-upper side, showed neither vascularity on ultrasound examination nor washout delay on MIBI scintigraphy, suggesting that two parathyroid adenoma infarctions had occurred. Cervical exploration was undertaken. The histopathological examinations confirmed that the tumor was parathyroid adenoma. Contrary to our expectation, however, it did not reveal necrotic tissue that would indicate recent infarction. The findings in this case may be explained by cyclical secretion of PTH from a parathyroid adenoma. Although cyclical Cushing's syndrome is well known, to our knowledge this is the first documented case suggesting cyclical primary hyperparathyroidism.
AMONG the diseases resulting from functional adenomas of endocrine organs, Cushing's syndrome has been reported to show periodic changes in cortisol secretion, a phenomenon termed cyclical Cushing's syndrome [1] [2] [3] [4] [5] [6] . In the majority of cases, cyclical Cushing's syndrome is caused by an ACTH-secreting pituitary adenoma. Although the mechanism of the cyclical ACTH secretion remains to be determined, several cases have been reported to date. One case with cyclical release of vasoactive intestinal polypeptide (VIP) by a pancreatic islet cell apudoma has been reported [7] . We encountered an unusual case of primary hyperparathyroidism in which cyclical secretion of PTH may have caused two hypercalcemic crises followed by temporary remission with a spontaneous drop in PTH. This may be the first description of a case of cyclical primary hyperparathyroidism.
Case Report
A 64-year-old man was admitted to our hospital in November 2003 with suspected hyperparathyroidism. He was referred to an endocrinologist because of hypercalcemia (corrected calcium (cCa) 15 .0 mg/dl) that happened to be detected during an outpatient examination to rule out malignancy. He was also found to have hypophosphatemia (1.7 mg/dl), elevated iPTH level (220 pg/ml), elevated 1,25(OH)2 vitamin D level (76.4 pg/ml), and mild renal insufficiency (s-Cr 1.59 mg/dl), and hospital admission was planned for further examinations. He had been diagnosed and followed up for depression since 2002, and had been diagnosed with urolithiasis in 2000, which improved in response to extracorporeal shock wave lithotripsy (ESWL). A regular check-up in 2003 revealed an elevated serum alkaline phosphatase (ALP) value and renal stones in the left kidney, but no additional studies were performed.
Despite marked hypercalcemia at the time of the outpatient examination, laboratory studies on admission (one week later) showed a spontaneous decrease in cCa (10.4 mg/dl) and iPTH (80 pg/ml) and a decreased s-Cr level (1.04 mg/dl), and urinary Ca excretion was high (160 mg/day). MIBI scintigraphy did not show any significant delay in washout of the superior-left parathyroid. An ultrasound examination of the neck showed a homogeneously hypoechoic tumor (9.6 × 4.4 × 9.0 mm), without vascularity, in the upper pole of the left lobe of the thyroid. In the absence of medical treatment, the serum cCa value gradually decreased (9.7-10.0 mg/dl) accompanied by a decrease in iPTH (58 pg/ml), and then remained at a highnormal level. Based on these findings, infarction of the adenoma was suspected. Other possible causes contributing to the hypercalcemia, including hyperthyroidism, vitamin D or A intoxication, lithium use, and malignancy were ruled out, and the patient was discharged. Careful follow-up was planned, and outpatient examinations showed that the serum Ca and PTH values stayed within normal range for a short term after the crisis, followed by consistent fluctuations in parallel with each other. During the interphase of the crises, the patient was mostly mildly hypercalcemic with increased PTH levels, suggesting primary hyperparathyroidism was not completely in remission. This observation was further supported by the history of urolithiasis and osteopenia of this patient, which suggested that he had a long history of primary hyperparathyroidism. Such coupled fluctuation of Ca and PTH continued until the patient was admitted to our hospital for a second time, in July 2004, this time because of a hypercalcemic crisis associated with apathy.
Physical examination on admission showed the patient to be drowsy and dehydrated. Laboratory studies (Table 1) revealed elevated serum cCa (16.7 mg/dl) and renal insufficiency (s-Cr 2.13 mg/dl). Endocrine evaluation showed an elevated iPTH (470 pg/ml) level and high-normal 1,25(OH)2D (59 pg/ml), bone alkaline phosphatase (22.8 U/l), and osteocalcin (10.9 ng/ ml) levels. Bone mineral density was decreased (70% of young adult mean of whole body). Familial hypocalciuric hypercalcemia was excluded because of high value of fractional excretion of Ca (2.07%). After admission, in response to hydration with saline and furosemide and inhibition of bone absorption with intravenous bisphosphonate, the serum Ca level gradually became normal (s-Ca 9.1 mg/dl) and the s-Cr level decreased (1.05 mg/dl). Strikingly, the iPTH value fell to 81 pg/ml. MIBI scintigraphy showed no particular washout delay, and an ultrasound examination revealed a homogeneous and hypoechoic tumor, measuring 9.3 × 8.1 × 13.9 mm, with only peripheral vascularity.
The mass was only slightly larger than one year previously. Even after 3 weeks of the therapy, the serum Ca level had not increased, suggesting that the adenoma activity had been suppressed, consistent with the absence of MIBI scintigraphic findings. Based on the above findings, we speculated that re-infarction of the parathyroid adenoma had occurred, and we explored the neck surgically. The tumor measured 17 × 11 × 7 mm and weighed 647 mg, and there were no inflammatory adhesions. After 15 minutes of the removal of the adenoma, the PTH value fell to 34 pg/ml, followed by the normalization of serum Ca (8.5 mg/dl) the next day. The histopathological examinations revealed a parathyroid adenoma accompanied by a slight aggregation of histiocytes exhibiting hemosiderin phagocytosis (Fig. 1 ). Contrary to our expectation, however, there was no necrotic tissue that would indicate a recent infarction of the adenoma [8] [9] [10] . Histopathologically it was difficult to explain why the serum PTH had spontaneously decreased twice.
Discussion
We have described the case of a primary hyperparathyroidism patient who exhibited two remarkable episodes of transient increases in serum PTH levels, possibly causing hypercalcemic crises, followed by spontaneous drops in serum PTH levels. During the first episode, hypercalcemia associated with high PTH resolved in association with a spontaneous drop in PTH level. During the second episode, the hypercalcemia resolved in response to hydration, furosemide, and intravenous bisphosphonate, and the PTH level again dropped spontaneously. The serum Ca and PTH levels remained normal for 3 weeks until the adenoma was explored surgically.
Why did the PTH level spontaneously fall twice? Subclinical infarction of abnormal parathyroid tissue has been reported to occur frequently [11] . Before the operation we conjectured that adenoma activity had been suppressed by autoinfarction. To our surprise, however, pathological evaluation of the surgical specimen showed no evidence of necrotic, infarcted parathyroid adenoma tissue although there were slight aggregations of histiocytes exhibiting hemosiderin phagocytosis, suggesting past hemorrhage in the parathyroid adenoma. However, we consider these findings to be insufficient evidence of repeated infarction as a cause of the spontaneous drops in PTH and normalization of serum Ca. We inferred that cyclical secretion of PTH by the adenoma might have caused the two hypercalcemic crises followed by spontaneous decreases in PTH. What else could have caused the two spontaneous decreases in PTH accompanied by temporary remission of hyperparathyroidism? Several factors are known to affect the PTH level, and we shall discuss other possible scenarios to explain the spontaneous drops in PTH in this case. The first possible scenario is the apparent increase of iPTH associated with transient exacerbation of renal function resulting from a vicious cycle of hypercalcemia and dehydration. It has been reported that second-generation iPTH assays can measure socalled non-(1-84) PTH in chronic renal failure, which can account for up to 50% of iPTH immunoreactivity in renal failure patients due to their inability to clear it from the blood [12, 13] . To determine whether or not this scenario caused the patient's serum calcium and iPTH fluctuations, it would be important to detect only the entire PTH molecule by Bio-Intact PTH assay (a two-site immunochemiluminometric assay) or by a whole PTH assay (an immunoradiometric assay), both of which have recently been developed. Since we did not measure complete, biologically-active PTH molecules in this patient, it is difficult to confirm or rule out such a causal correlation. However, we do not think that the drastic change in iPTH during both crises can be explained only by the apparent increase in PTH associated with renal insufficiency.
The second possibility is a shift to the right in the set point of the Ca-sensing receptors (CaSRs) for serum Ca. In primary hyperparathyroidism approximately half of patients apparently have essentially autonomous parathyroid function, while the others retain the capacity for suppression despite impaired sensitivity or a set-point abnormality [14] . Actually it has been reported that intravenous calcium infusion inhibits PTH secretion from the adenoma via CaSR activation [15, 16] . Many reports have stated that hypercalcemia due to parathyroid adenomas is responsive to calcimimetics, indicating this regulation of PTH through the CaCaSR signaling pathway [17] . Thus, it is possible that the very high serum Ca levels in our patient may have suppressed PTH secretion. If that were the case, however, the sustained suppression of PTH could not be explained by this scenario (Fig. 2) .
The third possibility is drugs or supplements, such as calcium or vitamin D [14, [18] [19] [20] , which inhibit PTH secretion, but our patient was not taking any drugs or supplements during either hypercalcemic crisis.
Based on these considerations, this case may be diagnosed as a case of cyclical primary hyperparathy- roidism resulting from periodic secretion of PTH by a parathyroid adenoma. We propose two putative mechanisms of transient PTH secretion from the adenoma. The first one is the leak of PTH from separated adenoma associated with hemorrhage. The histological findings suggest recent hemorrhage in the tumor. In addition, the vascularity of the tumor seems to be increased in Fig. 1 , which is discrepant from ultrasonographical and scintigraphical findings. This patient's parathyroid adenoma might be hypervascular as is usually the case, but vascular flow in the adenoma must be very slow and might somehow be confined and separated from the general circulation. But, on the occasion of hemorrhage, PTH might be released from the confined vessel systems to general circulation, causing episodic elevation of PTH levels and simultaneous marked hypercalcemia, such as in destructive thyroiditis.
A second plausible mechanism is the paradoxical response or positive feedback mechanism to Ca. Among the diseases resulting from functional adenomas in endocrine organs, Cushing's disease is well known to be characterized by periodic ACTH secretion, a phenomenon termed cyclical Cushing's syndrome [1] [2] [3] [4] [5] [6] . In some cases of cyclical Cushing's syndrome, paradoxical response of cortisol to dexamethasone is known to occur. These patients show increase, instead of decrease, in cortisol levels after administration of dexamethasone. This kind of paradoxical response or positive feedback mechanism to Ca might play a role in this case, and can explain the cyclical secretion of PTH from the adenoma.
In conclusion, to our knowledge there are no prior reports describing cyclical PTH secretion in a case with primary hyperparathyroidism. Although we can offer no direct evidence to explain the cyclical PTH secretion, this may be the first documented case of cyclical primary hyperparathyroidism. An understanding of the underlying mechanisms may reveal a new form of PTH control, which may lead to novel therapies for calcium and mineral diseases.
